Abstract. Information dissemination of agricultural safety emergencies on the Internet has drawn wide attention of academia and industry. Topological properties of information dissemination network of agricultural safety emergency on the news websites based on complex network theory, such as degree distribution, diameter, average path length, centrality and betweenness centrality of network, is studied in this paper. The result shows that the information dissemination network of agricultural safety emergency on the news websites presents small world feature, which means the dissemination network has relative small average path length and high betweenness centrality.
Introduction
Presently, issues of agricultural product safety have become the focus of attention of society. Hundreds or even thousands of agricultural safety emergencies have been reported around the world in recent years [1] . And at the same time, with the rapid development of the computer network technology, especially the rise of social media, Internet has become an important platform for people to obtain, publish and disseminate information. When the agricultural safety incident occurs, the relevant information will be rapidly disseminated through a variety of communication channels on the World Wide Web, such as news portal site, forum, microblog and other SNS tools. The tremendous and intricate dissemination relationships in the media form a complex network. An improved understanding of agricultural safety breaking news diffusion characteristics can be obtained through, the complex network research. Through the analysis of information dissemination channel, structure and path of agricultural safety emergencies, we can get the spreading rules of agricultural safety emergencies. Therefore, it will benefit several decision support tasks, such as hot topic detection, predictions of information dissemination, harmful information monitoring and intervention. In this paper, the complex network theory is used to analyze the factors such as dissemination channel, dissemination path and dissemination structure of agricultural safety emergencies on the news portal site.
Related Work
In recent years, there are many research efforts about emergency information dissemination. Modeling the information dissemination process is very important for analyzing the information spreading patterns and controlling the spread of rumors on the Internet. A lot of models have been proposed to characterize this process, in which the most classical models are epidemic spreading models, such as the SIS model and SIR model, as a piece of information can be transmitted from one individual to another which is the similar pattern as the epidemic spreading [3, 4] . Besides, perhaps the most commonly used models are the independent cascade model where the information flows over the network through cascade and the threshold model (including the linear threshold model and general threshold models) established based on the assumption that the neighbors play significant roles for the diffusion process [2, 3, 4] . Liu et al. build the SAIR model based on well-known epidemic models to characterize super-spreading phenomenon in tweet information dissemination accompanied with super-spreaders [4] . Zhang et al. compared and evaluated the available models and algorithms to respectively investigate their physical roles and optimization designs [3] . Liu et al. offered a new insight to explore information dissemination from the perspective of statistical physics and constructed a weighted and directed complex network in which media are set as nodes, the dissemination relationships as edges and the dissemination times as the weight of the edges, and the result show that the dissemination network presents small world feature, which means relations among media are close and breaking news originating from any node can spread rapidly [5] .
Complex networks are networks that feature patterns of connection among their nodes that are neither purely regular nor purely random [5] [6] [7] . Two well-known and much studied classes of complex networks are scale-free networks and small-world networks [6] [7] [8] [9] [10] . Both are characterized by specific structural features: power-law degree distributions for the former and short path lengths and high clustering for the latter. However, as the study of complex networks has continued to grow in importance and popularity, many other aspects of network structure have attracted attention as well [5] [6] [7] [8] [9] [10] .
Analysis of Agricultural Safety News Source
In the agricultural safety emergency dissemination network, news portal site is different from traditional news media. The information of the news portal site is not completely original, and the news sites are often reproduced between each other. With the information reprint relationship, we can get the source of the information, release time and the dissemination path. The mutual reprint relationship between news portal sites constitutes a news dissemination network, which shows the characteristics of complex networks, such as short path lengths and high clustering and so on.
In this paper, a total of more than 25170 news web pages with over 50 agricultural safety emergencies, such as "Shuanghui clenbuterol pork", "Hainan poisonous cowpea", "Qingdao poison leek" and "strawberry carcinogen", are crawled from Baidu News Search Engine. From the prospective of the information source, several major sources of information are reported as follows: newspapers, journals and magazines, accounting for 46%; television, accounting for 1.2%; microblog, accounting for 1.5%; news portal site, accounting for 51.3%. News sites and traditional news media are the most important sources of agricultural safety emergencies, and the number of news portal sites involved is 685. The amount of different news sources have been reproduced are very different, the top 10 news sources correspond to the total number of news items is 8356, accounting for 33.2% of the total, the smallest amount of 200 news sources, the cumulative 1480 times been reproduced, Accounting for less than 6% of the total number of copies, indicating that the portal site tend to reprint higher visibility of the site, and a well-known sites with the same news may be reproduced by different portals. The number of each news reprint varies from one news portal site to another. The top 10 news portal sites correspond to the total number of news articles is 8356, accounting for 33.2% of the total. While the bottom 200 news sites, have been reprinted 1480 times, with the proportion of less than 6% of the total number of copies, which indicate that the portal site tend to reprint higher-profile site, and a news from a well-known news site may be cited by many other news portals.
In this paper, agricultural safety dissemination network is constructed, where nodes are news sites and edges are reprint relationship between news sites. According to the statistical analysis of collected data, the complex network constructed in this paper is a weakly connected directed network with 25170 edges, which can be expressed as an adjacency matrix of 685 × 685. 
where , i j a ( , 1, 2, , 685 i j = ) is the reprint relationship from news site i to j , if , a 0 i j = , it denotes that there is no news reprinted between the news site i and j ; otherwise, there is news reprint relationship between the news site i and j . The network graph that contains 685 nodes is draw by Gephi software, shown in Fig. 1 , in which the green nodes are the original news sites; the red nodes are reprint news sites; if a news site is both an original news site and a reprint news site, then we consider it as an original news site. 
Analysis of Static Topological Structure
Degree distribution. The degree of a node in the dissemination network of agricultural safety emergency is the number of edges the node has to other nodes. The nodes of the network have two different degrees, the in-degree, which is the number of incoming edges, and the out-degree, which is the number of outgoing edges. Degree of each node can reflect the influence of a news site, the greater the out-degree, the greater the amount of the news being reprinted; the greater the in-degree, the more news that reprints other news websites. The degree distribution of nodes in the agricultural safety emergencies network is shown in Table 1 . The cumulative degree distribution is the probability that the degree of a node picked at random is larger than n , which is defined as follow:
where (k') p is the probability that node degree is equal to ' k in the network. The result shows that the top 20% of the nodes have great contribution to the information dissemination, which contributed 82.4% of total number of news reprints and is very similar to the pareto principle, as shown in Figure  2 . Diameter and average path length. Let , i j d be the distance between node i and j . Then, the diameter of a network is the maximal distance between any pair of its nodes, and the average path length of a network is the average distance between any pair of its nodes, denoted as:
where L is the average path length, N is the total number of the node. In this paper, the diameter D of agricultural safety emergency dissemination network is 6 D = , the average path length of 2.85 L = . Centrality. Indicators of centrality identify the most important nodes within a network. The maximum out-degree of all nodes in the agricultural safety emergency network is 282, which is China News Service (CNS), about 41% of the nodes in the network are associated with this node, indicating that information posted on this website can be easily browsed or searched by these nodes in a relatively short time.
Betweenness centrality. Betweenness centrality is equal to the number of shortest paths from all vertices to all others that pass through that node. A node with high betweenness centrality has a large influence on the transfer of items through the network, under the assumption that item transfer follows the shortest paths. 
where ( ) b C a is the betweenness centrality of node a , jk g is the number of the shortest path between node j and k , ( ) jk g a is the number of the shortest path through the node a . In the agricultural safety emergency network, the betweenness centrality of 99.97% nodes in the network is less than 0.008.
Conclusion
This paper presented a study on the characteristics of information dissemination of agricultural safety emergencies on the news websites based on complex network. Many statistical mechanic of network, such as degree distribution, diameter and average path length, centrality and betweenness centrality, are studied in this paper. The result shows that agricultural safety emergency dissemination network has a relative small average path length and high betweenness centrality.
